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INTRODUCTION 


Mine fires have Occurred since underground mining of minerals began, 
and they are still occurring. The technical literature is replete with 
papers relating to mine fires. | 


Means and methods for controlling and extinguishing mine fires and 
preventing explosions and other accidents require the collection and 
analyses of samples of the atmospheres surrounding the fire. , Such atmos- 
pheres are complex mixtures of gases (1, 3, 4, 15, 21, 23).3 


SUMMARY 


nepeetences at mine fires (2, 3, 4, 15, 21, 23) have proved conclu- 
sively that mine-air analyses furnish the only méans of judging what is 
going on in a mine-fire area, Mine-air analyses give evidence of condi- 
tions that require immediate protection, govern the order and control the - 
manner in which a fire is fought, show the necessity of bulkheads and. 
establish the places to construct them, indicate whether or not a fire is 
being controlled or is being extinguished, and govern procedure in sealing 
and unpeasne mine fires, 


It is commonly believed.that danger to life and property from mine- 
fire atmospheres is greatest in coal mines; this is true only to the 
degree that the explosion hazard is greater in coal mines than in noncoal 
mines because of the presence of combustible gases. The problem of gas 
poisoning is greater in noncoal mines because of the more frequent occur- 
rence of poisonous and innocuous gases, oftentimes the lack of controlled 
ventilation, and usually greater difficulties in sealing mine-fire areas, 
Sulfide minerals present a serious hazard in many metal-mine fires when 
sulfur dioxide is formed, The country rock or ore body itself may contain 
or be limestone, which may be calcined. Emanations of carbon dioxide are 
found. : 


A fire in a confined place presents a hazard from explosion wherever 
the Pire occurs, whether in a building,. a metal mine, a coal mine, a tunnel, 
or an industrial plant.. The degree of hazard depends upon the gases that 
are present, and the method of dealing with a particular problem can be 
modified according to the gaseous constituents present, 


It has beeri observed that the percentags of oxygen in the air in.a 
mine-fire atmosphere or a normal mine atmosphere changes only slightly or 


3/ Figures in parentheses refer to items in the bibliography at the end 


of this report, 
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not at all when adsorption of the oxygen by the strata is completed and 
oxidation from heat ceases. Any change in the oxygen content at this 
point is accomplished by dilution of the mine atmosphere by emanations of 
gas such as methane, carbon dioxide, or other gases. For this reason the 
progress of a mine fire can best be analyzed and sometimes can only be 
determined by a study of the air-free analyses of the mine-fire atmosphere. 


When a mine-fire area is sealed, the experience of the author supports 
reducing the oxygen content of the fire area as soon as possible to below 
16 percent (when flaming of timber ceases) and the advisability of maintain- 
ing a nonexplosive atmosphere on the return-air side of a mine fire by 
allowing, and aiding if possible, the inert gases from the fire to increase 
until the oxygen content of the atmosphere on that side is less than the 
critical oxygen value of that atmosphere. This is accomplished by (a) first 
sealing the openings on the return-air side of a fire area, (b) maintaining 
a nonexplosive atmosphere on the intake-air side of the fire, and (c) sealing 
the intake-air openings last. 


The carbon dioxide content of a mine-fire atmosphere is significant. 
For certain types of fires and mines it ultimately reaches a fairly constant 
high value during an active fire as well as a fairly constant lower value 
after the fire is extinguished, It provides a valuable criterion on the 
progress Of a fire in steeply dipping mine workings and in metal mines, 
When the fire is extinguished, the fire gases, on cooling, permit the carbon 
dioxide to settle rapidly into the lower workings and, by diffusion, to be- 
come fairly constant ultimately throughout the area under seal (3, 9). 


The carbon dioxide content of the air-free composition of a mine-fire 
atmosphere shows a definite trend downward when a fire is being extinguished. 
When the fire is out, a line constructed of points corresponding to the car- 
bon dioxide content on an air-free basis flattens, and, in a tightly sealed 
area, the carbon dioxide content is almost constant. Because of its magni- 
tude (as compared with the carbon monoxide content), the carbon dioxide 
content (air-free) can be the means of indicating whether or not a fire is 
out, after analyses show that carbon monoxide is absent. If methane is being 
generated, the carbon dioxide content on an air-free, methane-free basis can 
be used for the foregoing purpose. (See fig. 3). | 


A high dilution of the fire gases with air decreases the accuracy of 
deduction from "as received" analyses, However, air-free analyses of the 
effluent gases from a wood fire show a definite pattern from which deduc- 
tions can be made, If sulfide minerals, limestone, or strata-gas are 
present, they must be considered in making deductions from the analyses of 
the mine-fire gas in a sealed area, 


Figure 4 shows the time-carbon dioxide-percent curves of a mine-fire 
atmosphere in an iron mine after the fire area was sealed, 


The fire area was unsealed on January 19, 30 days after it was sealed, 
The fire was Out, and the mining operations were resumed, The oxygen con- 
tent of the mine-air samples collected in the fire area ranged from a high 
of 16.04 to a low of 3.20 percent and the carbon monoxide from 0.15 to 0.00 
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percent.. The carbon monoxide gradually increased until the fourteenth day 
after the area was sealed, after which a definite decrease was observed, 
No carbon monoxide was detectable 17 days after the fire area was sealed. 


Pisuias 5 and 6 show the time-carbon dioxide-percent curves of a mine- 
fire atmosphere in a lead-zinc mine where the temperature in the sealed 
fire area rose above the calcination temperature of limestone (800° to 
900° C.). Each curve represents the average of samples collected at several 
sampling positions on each level, 


The curves on figure 5 show that the carbon dioxide continued to rise 
from 15 percent at the time of sealing to a maximum of more than 22 percent 
in August 1946, Slimes were pimped through seals on the 17th and 18th 
levels to fill the stoped area containing the burning materials, The curves 
in figures 5 and 6 indicate that active combustion and heating ended in 
August 1946. They show that the percentage of carbon dioxide remained nearly 
constant or dropped slowly until the opening made in July 1947 to the 17th 
level permitted more rapid dilution of the. effluent gases. In November 1947 
the fire area apparently had cooled enough to allow the heavier carbon 
dioxide to settle to the 20th level, and a few samples collected in August 
and November 1948 showed a gradual increase in the carbon dioxide content 
in the area below the fire, 


Figure 7 shows the time-carton dioxide-percent curves of a. mine-fire 
atmosphere in the same lead-zinc mine where mine-air samples collected 
indicate that the temperature in the fire area did not reach the calcina- 
tion temperature of the limestone country rock, Each curve on figure 7 
‘represents the average of samples eo ene at several sampling positions 
on each level, 


It would appear that active combustion ended very soon after the fire 
was sealed, and that the fire area had cooled to nearly normal temperature 
in September 1943. 


The presence of sulfur dioxide in mine-fire atmospheres often make 
deductions from analyses difficult or even impossible, High sulfur dioxide 
can be present in a mine-fire atmosphere, and it will not be possible to 
determine its percentage, Where this happens, sulfur dioxide can be a pre- 
dominant gas, and its formation will reduce the percentage of other gases, 
such as carbon dioxide, to a degree that renders the time-carbon dioxide- 
percent curve difficult to interpret. This is accomplished indirectly, for 
the most part, by the sulfur combining with the oxygen in the air to form 
SO5, which is not determined analytically and is shown as nitrogen. 
Nitrogen appears to be the predominant gas in the analysis, whereas its 
true percentage is not determined analytically. 


It is not possible to make an analysis for sulfides or sulfur dioxide 

_ when samples are collected in vacuum bottles, by water displacement, or by 
aspirating devices and sampling bottles. It would be necessary to analyze 
samples for sulfides and sulfur dioxide at the source, as analysis of trans- 
mitted samples is impossible. 


4030 a 


Google 


As far as the author knows, no studies have been made to correlate 
the progress of a mine fire in terms of sulfide or sulfur dioxide; hence, 
the interpretation of the analyses for these gases would be difficult. 
Ostwald combustion charts and the Pigrais chart are useful in combustion 
work and may have some application in the determination of SO» (7, 19, 
24, 25) in some metal-mine-fire atmospheres, It would be interesting for 
gomeone to make a study in the field with laboratory methods for sulfides 
end sulfur dioxide to see if there is any trend in their percentages after 
sealing a mine-fire area, Such a problem would be in the nature of research 
rather than routine analysis, 


A fire was discovered on February 15, 1938, in the underground workings 
of the Argonaut mine, Jackson, Calif. This fire has been described briefly. 
The mine fire occurred on the 4,350-foot level from an unkmown cause, It 
was sealed on February 26, 11 days after it was discovered. Natural rock 
temperature in the lower mine workings is 92° F, | 


The dnpereanee of deductions from analyses of mine-fire atmospheres 
and from the pressure exerted by them on seals in @ mine-fire area is not 
always realized. ‘Whether the pressure on a seal is positive or negative 
depends primarily on the difference between the specific gravities of the 
atmospheres on opposite sides of the seal, <A cooled mine-fire atmosphere 
sometimes becomes heavy enOugh to overcome the normal ventilating motive 
column, 


Because Of the differences in magnitude of the specific gravity and 
percentage of the respective simple gases composing a mine-fire atmosphere, 
the air-free compositions of different portions of an atmosphere confined 
in a place with which the mine-fire atmosphere is mixing by convection and 
diffusion differ from each Other and from the air-free mine-fire atmosphere, 
For this reason it is often desirable to know the specific gravity of por- 
tions of the sealed atmosphere (3). 


Purpose of Report 


The purpose of this report is to show briefly how to utilize the trend 
of the carbon dioxide content of mine-fire atmospheres to fight metal-mine 
fires, 


Ash and Felegy have discussed much detail and give an extensive bibli- 
ography pertaining to the application of analyses of complex mixtures of 
gases to control and extinguish fires and to prevent explosions in mines, 
tunnels, and hazardous industrial processes (2, 3). 


Mine fires may be extinguished by fighting directly and utilizing 
water or chemicals; by flooding with water, inert gas, or mixtures of water 
and solids (4, 12, 22, 26); by excavating the heated material; by sealing 
the fire area (3); or by combinations of the foregoing methods, 


This paper discusses matters concerned with the control and extinguish- 
ment of some metal-mine fires that were sealed and suffocated thereby, 
Because emanations of combustiblé gases from the strata are not common in 
metal mines, although they are by no means unknown (17), they are mentioned 
briefly. 
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VALUE OF GAS ANALYSIS 


Experiences at mine fires (1, 3, 4, 15, 21, 23) have proved conclu- 
sively that mine-air analyses furnish the only means of judging what is 
going on in a mine-fire area, Mine-air analyses give notice of conditions 
that require immediate protection, govern the order and control the manner 
by which a fire is fought, show the necessity of bulkheads and establish 
the places to construct them, indicate whether or not a fire is being con- 
trolled or is being extinguished, and govern procedure in sealing and 
unsealing mine fires. 


Sampling and Analyzing Atmospheres 


Close relationship exists between the composition of the atmosphere 
and problems of health and safety in mines, tunnels, and other confined 
places where explosive or poisonous gases may be present. This inter-- 
dependency makes sampling and analysis of the atmosphere the most important 
pert of the safety work in these places, | 


The collection of a representative sample and the preservation of that 
sample until it can be analyzed are the most important and most difficult 
parts of the procedure in determining the composition of a dangerous atmos- 
phere, Inaccurate sampling gives erroneous results, Erroneous results, 
which lead to incorrect interpretations and conclusions, may cause a false 
sense of security and may be used as a basis for unsafe or unnecessary 
reccumendations. 


A complete description of the methods of sampling and analysis of 
mine, tumel, or othcr atmospheres is given in publications of the Bureau 
of Mines (6, 8, 27). 


MINE -FIRE ATMOSPHERES 


The presence of complex mixtures of gases where the control and extin- 
guishment of fires is being attempted not only adds to the confusion and - 
difficulties of fire-fighting Operations but may create greater hazards 
than are recognized by those persons responsible for the direction of fire- 
fighting activities, unless the full import of the nature of the eres 
encountered is Inown, 


It is commonly telieved that danger to life and property from mine- 
fire atmospheres is greatest in coal mines, This is true only to the 
degree that the explosion hazard is greater in coal mines than in noncoal 
mines because of the presence of combustible gases. The problem of gas 
poisoning is greater in noncoal mines because of the more frequent occur- 
rence of poisonous and innocuous gases, oftentimes the lack of controlled 
ventilation, and usually greater difficulties in sealing mine-fire areas, | 
Sulfide minerals present a serious hazard in many metal-mine fires when . 
sulfur dioxide is formed. The country rock or ore body itself may contain 
or be limestone, which may be calcined. FEmanations of carbon dioxide are 
encountered, 3 
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Although methane is likely to occur in any coal mine, the metal mines 
of the world contain by far a greater variety of gases than do the coal 
mines, Often, the geses in metal mines are as dangerous, as the gases likely 
to be found in coal minos, and sometimes they are even more deadly (17). 


TEmanations of gases from the strata are found in many metal mines and 
tunnels (17). Methane is frequently found in gold, gold-silver, lead-zinc, 
and potash mines (5, 17).. Nitrogen, carbon dioxide, and hydrogen sulfide 
are found in many mines and-tunnels (11, 14, 16, ae 


The sub ject rine to the istennination of the eee limits of 
gases and vapors has been fully covered by Coward and Jones, who also 
present the results of a critical review of all figures published (as of 
February 1938) on the limits of explosibility of a great number of combus- 
tible ae and vapors when admixed with air, oxygen, or other atmosphere 
(10, 18). 


Data relating to the explosibility factors and applied to complex 
mixtures of gases consisting of carbon monoxide, methane, hydrogen, 
ethylene, propylene, carbon dioxide, nitrogen, and air have heen proved 
by experiment to apply to the gases stated. Formulas and charts relating 
to mixtures of these gases have been developed and discussed by Ash and 
Felegy. The formulas and charts may be extended to include other gases 
but, in the absence of corroborative test data, cannot be assumed to apply 
indiscriminately to all caubustible gases. 


A fire in a confined place presents a hazard from explosion wherever 
the fire occurs, whether in a building, metal mine, coal mine, tiwnnel, or 
an industrial plant. The degree of hazard depends on the gases that are 
present, and the method of dealing with a particular problem can be modi- 
fied according to the gaseous constituents present. 

If considerable carbon dioxide is present, and emanations of other 
gas, such as methane, are absent, carbon dioxide eventually becomes the 
dominant constituent of the mine-fire atmosphere; in combination with 
nitrogen, it eventually creates an extinctive atmosphere by reducing the 
oxygen content and assists very materially in extinguishing the fire by 
depriving it of oxygen. Nitrogen is usually the dominant constituent of 
metal-mine fire atmospheres that are sealed, | 


To understand more clearly the significance of complex gas mixtures 
or the effects of admixing a diluent, or additional inert gas, with an 
atmosphere that may or may not have explosive limits with air, an atmos- 
phere may be considered to consist possibly of three parts: (a) the gas 
portion (gas), or a mixture of simple combustible gases and simple inert 
gases such as nitrogen and carbon dioxide; (b) a portion (air) consisting 
of normal air; and (c) a portion considered as diluent that, unless stated 
otherwise, consists of additional inert gas, which may be nitrogen or 
carbon dioxide. (See figs. 1 and 2). 


An original atmosphere can be considered as one in which the addi tional- 
inert-gas portion is absent, i.e., an original atmosphore is considered 
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as diluent-free, An air-free original atmosphere, therefore, consists only 
of the gas portion. 


Changes occur in normal atmospheric air from various causes as it 
courses through underground passageways (3, 23). Normal mine air is air 
that is ordinarily classed as good air for underground atmospheres, or it 
is the air in a mine operating under normal conditions. The composition 
of normal mine air is not the same in all types of underground mines, 


The following analyses are an average of the percentages of the simple 
gases composing mine atmospheres that were sampled and analyzed by the 
Bureau of Mines. They are representative of atmospheres that are consid- 
ered to be normal mine air, 


Normal mine atmospheres (average analyses rcont 


| Norma Sub- Bitumi thra- Metal and 
Constituent ete aie bituminous- jnous- seal pre noncoal 
simple cas air coal mines mines mines mines 


OXY GON. s.6.sse000 coe ee 20,62 
Nitrogen. esecccccses 79.19 
Carbon dLoxido.cececece » L9 
Me CRANC s é6:4:0:60 se owes «00 


2/ 


Other PeSEBscccceces 


Argon, | 
2/ Considered as nitrogen, 


The average analysis, which consists of the average percentage of each 
Bimple gas, does not necessarily define the normal mine air throughout the 
average mine nor the compositian of the most probable normal mine atmosphcre 
in the ordinary coal mine, metal mine, or tunnel. 


The most probable content (in percent) of the simple gases composing 
normal mine atmospheres is the percentage of each simple gas that occurs in 
the greatest number of samples from representative mines, The most probable 
normal mine atmospheres of underground mines are shown in the following table: 


Most probable normal mine atmospheres in ordinary mines, percent 


Yorma. UD= Bi thra, = etal and 
Constituent atmospheric} bituminous- Inous- seed ee noncoal 
simple gas) air coal mines mines mines mines 


OXVRCNwedeuweeeeeece 20.76 
NIA Or Clg e605 eeielewo% 79,16 
Carbon dioxide. .eece 08 
Mcthane.ececsccecccecs 200 


Other BASES. ceccocve 


1/ Argon, 
2/ Considered as nitrogen, 
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It can be seen from the data in the foregoing table that the composi- 
tion of the air in the ordinary operating mine does not differ greatly from 
that of normal atmospheric air. When cealing with a.mine fire, the compo- 
sition of the normal mine air can be determined only by analyses of repre- 
sentative samples of the atmosphere in the mine concerned. 


AIR-FREF COMPOSITION OF MINE ATMOSPHERE 


The oxygen content of a mine atmosphere must come from the atmospheric 
air that enters the mine. For this reason, moisture-free mine air can be 
considered as consisting of pure atmospheric air and other simple gases, 
Furthermore, it can be concluded that the simple gases generated or liber- 
ated in a mine, from whatever source, are diluted by alr, and that they 
existed originally in their pure state at some point in the mine. 


In a tightly sealed mine-fire area, the mine-fire atmosphere is de- 
pleted of oxygen by adscrption of oxygen by the mineral in contact with 
the air and by oxidation processes, a knowledgo of the nature of which is 
not necessary in this discussion, The air remaining is diluted by emana- 
tions of vas, if the strata contain gas under pressure. 


In a newly sealed mine-fire area, the atmospncre contains the least 
oxygen at the place whero the fire is burning. The'rate’at which the fire 
_ gases are diluted decreases with the distance from the fire because of 
_ dtlution and diffusion or the fire gases by the surrounding mine air, = 
area, the maximum percentage of each Simple. gas as it existed perere: ai lution 
with air is the percentage of the simple gas in the atmosphere when all the 
air is removed, This is the air-free analysis of the sample, 


It has been observed that tho percentage of oxygen in the air in a mine- 
fire atmosphere or @ normal mine atmosphere changos only slightly, or not at 
all, when adsorption of the oxygen by the strata is completed and oxidation 
from heat ceases, Any change in the oxygen content at this point is accom- 
plished by dilution of the mine atmosphere by emanations of gas such as 
methanc, carbon dioxide, or other gases, For this reason, the progress of 
a mine fire can best be analyzed and sometimes can only be determined by a 
study of the air-free analyses of the mine-fire atmosphere, 


In sealed mine-fire areas that generate considerable methane, dilution 
of the mine-fire atmosphere by methane becomes importent. .I1f this ig accon- 
plished without an explosion, methane becomes the dominant constituent of the 
mine-fire atmosphere; and, by reducing the oxygen content, it eventually 
creates a nonexplosive atmosphere and assists very materially in oxuingni sions 
the fire by depriving it of oxygen. a 


if considerable nena is present, the air-free, sthanechees analyses 
will zive information from which the most reliable trend -of fire. can be 
determined, ; 

Analyses of mine-fire atmospheres are made , and often Little or no value 
is attached to them because of variations in the percentages of the simple 
gases, In the vast majority of instances, it is found that the differences 
in these percentages are caused by nothing more than corresponding differences 
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in the air content of the samples. This may result from admission of air 
during sampling or during analysis; or it may be the effect of barometric — 
pressure on emanations of gas such as methane, carbon dioxide, or nitrogen, 
and on breathing at seals, If the analyses of a series of samples taken at 
approximately the same time are calculated to an air-free basis, the percent- 
ages of the simple gases are usually found to be approximately the same, 


CALCULATION OF AIR-FREE ANALYSIS 


A step of prime importance in determining what is going on in a mine- 
fire area from the analyses of mine-fire atmosphere is calculation, to an 
air-free basis, of the analysis of the atmosphere sampled. This is done 
by first considering all the oxygen in the sample as a component of normal 
atmospheric air, 


Normal atmospheric air contains 20.93 percent Of oxygen, by volume. 
For all practical purposes, the other gases (carbon dioxide and argon) can 
be considered as nitrogen, The volume of air in the atmosphere sampled is 
expressed by the following formla: 


_ (0p) (2100) 
20.93 


where (Air,) and (05), are the volumes (in percent) of air and oxygen, 
respectively, in the atmosphere sampled, 


Air, percent, (A) 


As the atmosphere sampled consists of air and other gases, the volume 
of gases (K,) other than air can be expressed, in porcent, as follows: 


K, ‘ (100 - Air.) percent, 


By substituting equation (A) in the expression above, the’ volume of the air- 
free mixture (gases other than air) can be determined by the following formla: 
(0 ) (100) eH : ere es j . 
K_ = 100 epee Ses: eal percent.: ‘° (B) 
20.93 + a . ; Pa ar 


When the respective volumes (in percent) of. ‘the simple gases, except 
nitrogen and oxygen, composing the atmosphere ‘sampled “are divided by the 
total volume (K,)} of the simple gases other than air, as obteined by equa- 
tion (B), and each of these volumes is then miltiplied by 100, the air-free 
volumes (in percent) of the simple gases, except the nitrogen, are obtained, 


The volume of nitrogen (Nj), on an air-free basis is the difference 
between 100 and the sum (£) of the volumes of the. other simple gases (air- 
free basis), The volume of nitrogen (Np), on an air-free basis can also be 
found by formula (E), which has been derived by considering the total nitrogen 
(No), as consisting of two parts - one (No),;,_, derived from the air and the 
other (No) p-s #5 & constituent of the gas portion (Gas,) of the atmosphere 
sampled, fignations expressing the volume of each simple gas, calculated to 
an air~-free basis, are: 


4030 ae ae 


Go gle 


_ Constituent 
Constituent, in free = 8 (100), (C) 


x 


and | 
(U5), = 100 -§€, | (D) 
or 
(lig) - Airg + (Q>),)(100) — 
(erg (E) 


where Constituent, ;n_¢ eo, 13 the volume of each simple gas, except nitrogen, 
on an air-free basis; (No), is the total amount of nitrogen in the semple; 

€ is the total volume of tho individual constituents, except the nitrogen, 
in the air-free analysis of the atmosphere sampled; and the other symbols 
have the same meanings as before. 


The method by which the air-free composition cf a complex gas mixture 
is determined is shown below. An atmosphere beneath a building in which an 
explosion had occurred is used as an example. The sample represents tho 
composition of the atmosphere (carbureted water gas and air) in a sealed 
area beneath the building, : 


The ccmpesitions of the atmosphere as sampled, and when calculated to 


an air-free basis, are as follows: 
Analysis of sample Air-free 
as collected analysis 


Constituent Symbol 


Carbon GIL OXKLdG 4 2-36 ossin eee oas 90 De , Di 

HW UAY GHG 4.6 aid. 5d esac aw Gore o eee we 76 | (CoH) ) 5.92 | (CoH),) 47 
EV ODY LONG» bs 6-6 ese's 49 ane a ow 0 yh (C3HG)g 1.48 (C3H¢)1 
MG UA cease 56 se w'6.0s. 4.500 4.6%- 00% 25 Bs 11.55 By 

HV OYORGN isso. 64456666 Rk ew eS 5 (Ho) g Wh 1L (Ho)q 
Carbon MOMOXIde. cccccscccccces 530 |Ag 32,14 | Ay 

OX MONs, 66.5 <'s.o'so 08a ewe see ews oD, (O5) , «00 < 
Nitrogen, COE L i s.5s 64s neo es O5 (No) 30 (No)y 
enor er ee re er ee re ee eee ere 3 (Air), | «00 = 
NEOs Gn An Bit, sansa cise esses 08 (No)aires «00 ? 
Gases other than Air....wccese 37 |K, 100, 00 - 


The volume of air (Air,) in the atmosphere sampled is found by substi- 
tuting the volume of oxygen (0.55 percent) in the sample for the correspad- 
ing symbol in formula (A) as follows: 


(Os), (100) 0.55 x 100 | ae. : 
20.93 20.93 = e 3 percent. 


Air, = 
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From formula (B) we obtain the percentage (K,) of the gases other than 
eir in the atmosphere sampled; this is a constant used to determine the per- 
centages of simple gases, or castituents, canposing the atmosphere under 
consideration: 


K, = 100 - Air, = 100 - 2.63 percent = 97.37 percent. 


To determine the volume of each simple gas of the air-free analysis, 
determination of the hydrogen (Ho); (air-free) can be used as an example, 
By substituting the volume of hydrogen (Ho)s, as determined by analysis, 

for the corresponding symbol in formula (C), we find 


(Hp), (100) 42.95 x 100° 


(Ho), = aa aca 37037 = hh ,11 percent, 

The percentages of the other simple gases, on an air-free basis, are 
found in a similar manner, with the exception of the percentage of nitrogen 
(No)1, which is found by substituting the real values of the other simple 
gases for the symbols in formula (D), as follows: 


(i) 1 7 100 - ee ied 7 Jt (D) 
= 100 - Dat (0 + + Bit (H 
= 100 - (I, Rg ie Relat Ba 55 § byit’+ 32.14), 
= 100 - 9. soa 0.50 percent: 


or from formula (E) 


((N>), - Air, + (05),)(100) 


(No)q = (E) 
8 
(2.895 2.63 40.55) x 100 0.80 percent. 
Of 37 


EXTINGUISHING MINE FIRE BY SEALING 


When it is docided to seal a fire area, the success of the work will 
depend solely on the effectiveness of the methods and facilities utilized 
to soal and extinguish the fire; and the measure of ultimate success will 
be attained only when the carbon monoxide content of the atmosphere within 
the fire zone is reduced to zero. However, physical conditions and other 
features attending each fire must be considered in deciding positively, om 
the basis of the disappearance of carbon monoxide, that a fire has been 
extinguished, There is one conclusion that can be generally accepted - 
that, with continued exclusion of oxygen and cooling of strata and other 
combustible materials for some time after the carbon monoxide is gone, the 
fire will be extinguished ultimately. Time is important. 


In general, each fire should be invostizated separately. Ash, Felegy, 
Forbes, Grove, Maize, Walsh, and Scott have discussed suggested procedure 
in unsealing mine fires in recovory operations (3, 13, 20, 23). 
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When a mine-fire area is sealed, the experience of the author supports 
reducing the oxygen content of the fire area as soon as possible to below 
16 percent (when flaming of timber ceases) and the advisability of maintain- 
ing @ nonexplosive atmosphere on the return-air side of a mine fire by allow- 
ing, and aiding, if possible, the inert gases from the fire to increase until 
the oxygen content of the atmosphere on that side is less than the critical 
oxygen value of that atmosphere, This is accomplished by (a) sealing first 
the openings on the return-air side of a fire area, (b) maintaining a non- 
explosive atmosphere on the intake-air side of the fire, and (c) scaling 
the intake-air openings last. 


When fighting a mine fire, the first consideration is to prevent an 
explosion. Explosions may occur while a fire is being fought directly, when 
@ fire area is being sealed, after an area has been sealed, or when a mine- 
fire area is unsealed, Finally it is important to know when a mine fire has 
been extinguished and whether the mine-fire area can be wnsealed safely. 


In any mine fire, knowledge of the volumes of carbon dioxide, carbon 
monoxide, and hydrogen (in coal mines) present in the atmosphore are of far 
more value for indicating the progress of the fire than Imowledge of the 
amount of oxygen present. The carbon dioxide, carbon monoxide, and hydrogen 
contents of the mine-fire atmosphere follow fairly definite trends, whereas 
the oxygen content is variable, 


The oxygen percentages Of mine-fire gas samples takon at the same place 
vary markedly from day to day, although it is known that the heated area 
“from which the gases come could not be arfected appreciably in the time 
involved, In large sealed areas, in broken and fissured ground, in exten- 
sive workings, or in areas where many seals are present, infiltration of 
air oftentimes cannot be prevented. Under such conditions a fire area will 
breathe, and it is necessary to correct this condition if a fire is to be 
suffocated. The outstanding values of the oxygen content are (a) the knowl- 
edge that it is above or below the percentage (the critical oxygen value) at 
which an explosion can occur, (b) the indication given by decreasing oxygen 
content that an area is being sealed effectively, and (c) that flames are 
not present to sprehd the fire, With suitable reservations, the oxygen 
content can serve as a criterion of the proportion of excess air that is 
present, | : 


Carbon monoxide is a product of combustion, and it exists in a fire 
area only when an active fire is in progress or has been present, with or 
without flame, It is difficult to ascertain the exact conditions of a 
fire from the percentage of carbon monoxide prosent. The percentage of 
carbon monoxide is highest at high temperatures when the volatile constit- 
uents become active in combustion, and lowest either when there is no fire 
or when there is perfect combustion. (Sce fig. 3.) 


The carbon dioxide content of a mine-fire atmosvhere is significant. 

_ For certain types of fires and mines it ultimately reaches a fairly constant 
high value during an active fire as woll as a fairly constant lower value 
efter the fire has been extinguished. It provides a valuable criterion on 
the progress of a fire in steeply dipping mine workings and in metal mines. 
When the fire is extinguished, the fire gases, on cooling, permit the carbo 


4030 7 #72 = 


Google 


Percentage CO and CO, (Air Free) 


m 
=| 
° 
Cc 
a 
= y 
O 
~N 


CO inflection point (wood) 460°F 
Ignition temperature (wood) 
480° F 


E 
= 
£ 
£ 
E 
O 
O 


Figure 3.- 


Google 


Deficiency to complete-lack of O, —= 
Fire area sealed 


No flame possible 480°F 


Fire out 
Slower oxidation 212° F 


Fire definitely 
out 50°F and 


and CO, maximum 1380°-1400°F 


_—— CO burns in gas phase to CO, 1220°F 


CO reaches second maximum 930°-1220°F 
O,+ CO + CO, = 20.93% 


Time 


Time-percent curves (carbon dioxide and carbon 
monoxide) under ideal conditions of wood fire, 
before sealing mine fire area and after sealing it. 
(not to scale) 


dioxide to settle rapidly into the lower workings and, by diffusion, to be- 
come fairly constant ultimately throughout the area under seal (3, 9), 


The carbon dioxide content of the air-fres composition of a mine-fire 
atmosphere shows a definito trend downward when a fire is being extinguished. 
When the fire is out, a line constructed of points corresponding to the carbon 
dioxide content on an air-free basis flattens; and, in a tightly sealed area, 
the carbon dioxide content is almost constent. Because of its magnitude (as 
compared with the carbon monoxide content), the carbon dioxide content (air- 
free) can be the means of indicating whether or not a fire is out after 
analyses show that carbon monoxide is absent. If methane is being generated, 
the carbon dioxide content on an air-free, methane-free basis can be used 
for the foregoing purpose. (See fig. 3.) 


It appears that too much stress is placed on analyses of samples “as 
received" to indicate either the progress of a fire or the atmospheric con- 
dition existing in a sealed area, A more accurate picture is presented by 
the compositions of the samples on an air-free basis. Samples highly con- 
taminated with air give a reliable trend of the fire only by comparing the 
composition of the samples On an air-free basis. 


The following discussion briefly covers some observations regarding 
analyses of selected mine-fire atmospheres that are of interest, 


Because carbon monoxide is usually considered a definite criterion 
when studying mine fires, it must be realized that the presence of carbona- 
ceous materials is necessary to have it formed, The presence of other gases 
due to strata-rases or heat can and does interfere materially with tho utility 
of carbon monoxide as a criterion for determining the progress of a fire by 
either its presence or its absence, 


Figure 3 shows ideal conditions (concerning carbon dioxide and carbon 
monoxide) surrounding a wood fire to the point where the fire area is sealed. 
What takes place after a fire is sealed is conjectural, as is shown by the 
analyses of some typical metal. mine-fire atmospheres and by ficures 4 to 7, 
inclusive, Other oxidation products need not be considered in meee 
the progress of a wood fire. 


Although wood usually is the constituent burned in metal-mine fires, 
some of the most serious fires in metal mines have been those in which 
electrical equipment (insulation, principally) and petroleum products were 
burned, Sulfur dioxide is present when sulfide minerals are hoated and 
burned, , 


Where wood is burning with free access of air, that is, where the fire 
area, is unsealed, the principal effluent gases formed by the fire are carbon 
dioxide and carbon monoxide, As the problem is concerned principally with 
extinguishing the fire, only these gases need be considered in this discus- 
sion, although hydrogen is an important fector in the determination of 
temperatures in a coalemine-fire area (3, 23). 


Until the "carbon monoxide inflection point" is reached, the oxidation 
proceeds in direct proportion to the temperature, and the time-carbon 
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dioxide-percent curve and time-carbon monoxide-percent curve can be consid- 
ered as lines increasing in slope. According to Scott (23), the carbon 
monoxide inflection point is that point at which the cerbon monoxide content 
of ‘the effluent gases from the fuol bed changes from a slowly increasing to 
a rapidly increasing percentage, or the point at which the tangent to the 
time-carbon monoxide-percent curve is 45°, The carbon monoxide inflection 
point for wood can be considered as 4609 F,, or 240° C. Oxidation proceeds 
rapidly efter the carbon monoxide inflection point is reached, with a re- 
sultant increase in the carbon monoxide percentase and corresponding decrease 
in the carbon dioxide percentage until the ignition temperature, approximately 
480° F, (250° C.), is reached, when the carbon monoxide percentage rapidly 
increases, | 


At 1,2c0° F. (660° C.), the carbon monoxide percentage reaches its 
maximum and is burned in the gas-phase at this-tempcrature and higher tem- 
peratures, As a consequence, the carbon dioxide percentage increases as 
the temperature increases, with a corresponding decrease in the carbon 
monoxide percentage, ignoring eny producer-gas reaction, This condition 
can continue until the carbon dioxide percentage of the offluent gases 
reaches its theoretical maximum of 20.93 percent and the carbon monoxide 
becomes zero at a temperature of 1,380° to 1,400° F. 


If the fire area then is effectively sealed, the gases within the sealed 
area would normally circulate (by convection) within the sealed area. Owing 
to oxygen depletion and heat dissipation, tho effective temperature would 
decrease, The carbon dioxide percentage decreases and the carbon monoxide 
percentage increases as diffusion and circulation within the area continue. 
The carbon monoxide percentaze reaches a second maximum as the temperature 
ranges from 1,220° to 930° F, The time-carbon dioxide-percent curve flattens, 
and the carbon monoxide percentage drops rapidly until a temperature of 480° F. 
is reached. At and below this temperature no flaming occurs. As the area cools 
the carbon dioxide and carbon monoxide percentages decrease by circulation, 
leakage, diffusion, and oxidation of CO by bacteria (23). When a temperature 
of 212° F, is reached, the fire is out, Practical considerations such as 
diffusion and leakage cause rapid disappearance of carbon monoxide, and the 
time-carbon dioxide-percent curve is affected correspondingly. (See fig. 3.) 
As the area cools, diffusion and settling of the heavier carbon dioxide gas 
result in a flat or steeply rising time-carbon dioxide-percent curve, which 
depends on the position of the place sampled with respect to the fire. At 
150° F, the fire is definitely out, and in a matter of time the carbon mon- 


oxide will disappear, and the time-carbon dioxide-percent curve will assume 
a definitely flat trend for the most part in the fire area, 


A high dilution of the fire gases with air decreases the accuracy of 
deduction from "as received" analyses; however, air-free analyses of the 
effluent gases from a wood fire show a definite pattern from which deduc- 
tions can be made, If sulfide minerals, limestone, or strata-gas are 
present, they must be considered in making deductions from the analyses 
of the mine-fire gas in a sealed area, | 


FIRE IN IRON MINE 


_ Figure 4 shows the time-carbon dioxide-percent curves of a mine-fire 
atmosphere in an iron mine after the fire area was sealed, 
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Figure 4.— Showing CO2 content of mine fire atmosphere in an 
iron mine. 
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Figure 6.— Showing CO, content of mine fire atmosphere in a 
lead-zinc ore mine in which temperature of fire is 
above calcination temperature of limestone country 
rock.— continued from Figure 5. 
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. The main ore bodies in this mine lie in troughs formed by the inter- 
sections of intrusive dikes with impervious members of an iron formation, 

which has a width of 425 feot and dips approximately 62°, The dikes are 

not continuous across the formation but are interrupted by a longitudinal 
bedding fault. The ore is clussified as soft, and most of it has a claylike 
consistency with hard ribs throughout. It stands unsupported but breaks 

fine when blasted. The materials mined and adjoining strata are not subject 
to spontaneous combustion, Considerable timber is used, The fire is believed 
to have been caused by a defective light wire or power wire. 


The fire could not be extinguished by direct methods, and the area was 
sealed, This fire is selected as an example of one in which emanations of 
strata-gas or cases evolved from calcination of limestone or combustion of 
sulfide minerals were not present, 


The fire area was sealed first (December 19) near the fire area, the 
next day above the fire, and on the second day below the fire, Sampling 
was started promptly. The time-carbon dioxide-percent curve, both at the 
fire and above it, trends downward, The curve below the fire trends upward, 
This shows how. the heavier carbon dioxide gas tends to oe in the lower 
mine workings. The curves show the fire was out on January 6 (17 days later), 
and the fire area could have been unsealed at that time. 


The fire area was unsealed On January 19, 30 days after it was sealed. 
The fire was out, and mining operations were resumed. The oxygen content 
of the mine-air samples collected in the fire area ranged fram a high of 16,24 
to a low of 3.20 percent and the carbon monoxide from 0.15 to 0.00 percent. 
The carbon monoxide gradually increased until the fourteenth day after the 
area was sealed, aftor which a definite decrcase was observed, No carbon 
monoxide was detectable 17 days after the fire area was sealed, 


HIGH-TEMPERATURE FIRE IN LEAD-ZINC MINE 


Figures 5 and 6 show the time-carbon dioxide-percent curves of a mine- 
fire atmosphere in a lead-zinc mine where the temperature in the sealed fire 
area. rose above the calcination temperature of limestone (800° to 900° C.),. 
Each curve represents the average of samples collected at several sampling 
positions on each level, 


The main ore bodies in this mine are replacement deposits in limestone; 
marmatite, galena, pyrite, and siderite are the principal ore minerals, 
Mining is conducted in underhand squarc-set stopes, The ore minerals are 
very friable, and it has been found necessary to mine narrow transverse 
Stopes, ‘usually 5 feet wide, which must be filled before succeeding rows 
of B0tB are opencd. Some parts of the cre bodies oxidize very rapidly and 
raise the temperature of the ore, so the practice has been to mine out hot 
portions of the ore body as rapidly es possible. Ore having a temperature 
as high as 173° F. has been mined, Although the waste does not fire spon- 
taneously, the timbers remaining in the Pilled areas present a fire hazard. 


On September 24 , 1945, smoko was noticed on the 17th level coming from 
an old filled stope, Seals were constructed progressively in cross cuts 
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leading to this ore body from the 20th level to the 16th level. Sampling of 
the atmosphere behind the seals was conducted at intervals for several years, 
The percentage of oxygen in samples collected behind one seal on the 18th 
level remained comparatively high (15 to 19 percent) through November 1945. 
After guniting this seal, the percentage of oxygon dropped, indicating that 
the seal had leaked air for several months before it was gunited, It is 
possible that the leaks at this point allowed the fire to continue burning 
and thus permitted the temperature of the material in the filled stope to 
rise to the calcination temperature of limestone (1,472° F.). 


The curves of figure 5 show that the carbon dioxide continued to rise 
from 15 percent at the time of sealing to a maximum of more than ¢? percent 
in August 1946, Slimes were pumped through seals on the 17th and 18th 
levels to fill the stoped area containing the burning materials. The curves 
in figures 5 and 6 indicate that active combustion and heating ended in 
August 1946. They show that the percentage of carbon dioxide remained 
nearly constant or dropped slowly until the opening made in July 1947 to 
tho 17th levcl pormitted more rapid dilution of tho effluent gases, In 
November 1947, the fire area apparontly had cooled sufficiently to allow 
the heavier carbon dioxide to settle to the 20th level, and a few samples 
collected in August and November 1948 showed a gradual increase in the 
carbon dioxide content in the area below the fire. 


FIRE IN LEAD-ZINC MINE 


Figure 7 shows the time-carbon dioxide-percent curves of a minc-fire 
atmosphere in the same lead-zinc mine where mine-sir samples collected 
indicato that tho temperature in the fire area did not reach the calcina- 
tion temperature of the limestone country rock, Each curve on figure 7 
represents the average of samples collected at several sampling positions 
on each level. 


This fire was sealed in December 1941, and samples of the atmosphere 
behind the seals were collected at intervals for a period of 4 years. The 
percentage of carbon dioxide dropped consistently from January 192 to 
September 1943 in the upper levels of the sealed fire area but remained 
constant in the bottam level in the fire area below the active fire. This 
indicated gradual cooling of the effluent gases, which permitted the heavier 
carbon dioxide gas to settle to the lowest level at a rate about equal to 
the diffusion of the gases throughout the sealed fire area. From September 
1943 until the end of 1945, the rate of diffusion of the effluent gases 
appeared to be about the same throughout the sealed fire area, 


It would appear that active combustion ended very soon after the fire 
was sealed, and that the fire area had cooled to nearly normal temperatures 
in September 1943, 5 . 


FIRE IN IRON MINE - PYRITE COUNTRY ROCK 
The presence Of sulfur dioxide in mine-fire atmospheres often makes 
deductions from analyses difficult or even impossible, High sulfur dioxide 


can be present in a mine-fire atmosphere, and it will not be possible to 
determine its percentage. Where this happens, sulfur dioxide can be a 
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Figure 7—— Showing CO, content of mine fire atmosphere in a 
lead-zinc ore mine in which temperature of fire is 
below calcination temperature of limestone country 
rock. 
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predominant gas, and its presence will reduce the percentage of other gases, 
such as carbon dioxide, to a degree that renders the time-carbon dioxide- 
percent curve difficult to interpret. This is accomplished indirectly, for 
the most part, by the sulfur combining with the oxygen in the air to form 

SOp » which is not determined analytically and is shown as nitrogen. Nitrogen 
appears to be the predominant gas in the analysis, whereas its true percentage 
is not known, 


The following analyses are of an iron-mine-fire atmosphere where the 
country rock contained considerable pyrite and was in contact with the fire: 


Mine-Pire analyses (iron mine) 


Sample lL Sample 2 


Constituent 


Carbon ALloxide...secoee 
OXY CON i046 sb enewewewes 
HyGrOgen, weccccvccseces 
Carbon MOnoOKide,.ceer.ce 

© Methane. .cccccrerevcves 
Nitrogenl/....ccccscece 


1/ Contains SO, not determined by analysis. 


- It is evident from the foregoing analyses that the atmosphere was dc- 
pleted of Oxygen by the burning of combustible materials other than the 
carbonaceous materials, It is known that considerable S50, was evolved; 
furthermore, the volume of air remaining in the sealed area was relatively 
emall (10.32 percent in sample 1 and 14.47 porcent in sample 2) in relation 
to the carbon dioxide generated, This fire was extinguished, and the sealed 
area was reopened, a 


It is not possible to make an analysis for sulfides or sulfur dioxide 
when samples are collected in vacuum bottles, by water displacement, or by 
aspirating dovices and sampling bottles, It would be necessary to analyze 
samples for sulfides and sulfur dioxide at the source, as analysis of trans- 
mitted samples is impossible, A rapid and convenient method for determining 
hygienically significant concentrations of SOo in air is described by Pearce 
and Schrenk in Bureau of Mines Report of Investigation 4282, The method is 
not suitable for determining concentrations of less than @ p.p.m. of SO, and 
ts not applicable in atmospheres where SO, is present with other reducing 

or oxidizing gases. | 


As far as the author knows, no studies have been made to correlate the 
progress of a mine fire in terms of sulfide or sulfur dioxide; hence, inter- 
pretation of the analyses for these gases would be difficult, Utilization 
of the Ostwald combustion charts and the Pigrais chart is useful in combus- 
tion work and may have some application in the determination of SO, (7, 19, 
2h, 25) in-some metal-mine-fire atmospheres. It would be interesting for 
somoone to make a study in the fiold with laboratory methods for sulfides 
and sulfur dioxide to see if there is any trend after scaling a mine-fire 
area. Such a problem would be in the nature of research rathor than routine 
analysis, 
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. Pyrite ig able to unite with oxygen in the presence of moisture at 
‘ordinary atmospheric temperatures, -The combination of pyrite with oxygen 
at atmospheric temperatures to form sulfate not only liberates heat but 
causes an increase in volume,.tending to split rock particles and increase 
disintegration; this results in increasing the rate of oxidation of. the 
pyrite-bearing rock litscl?; however, it is observed that enormcus piles of 
concentrates (zinc sulPided “er ‘lead sulfides) stand for years without heat- 
ing. Tailing piles containing. all. pyrite from mill tailings do not ignite 
or heat unduly, It is Observed thet most Oe is given off before sintering 
beds reach a dali £.1,472° PF, (800° C.). 


| RISE. IN GOLD MINE - MOTHER LODE - 


A fire was ii deovenca on: nepvuary 15, 1938, -in the underground workings 
of the Argonaut mine, Jackson, Calif. This fire has been briefly described (1). 


The Argonaut-mine is one of the deepest and most widely known gold mines 
in the world. It-adjoins the Kennedy mine and is separated from it by a small 
barrier pillar. By mutual agreement, the two mines’‘are connected by a refuge 
chamber placed 4,800 feet vertically from the shaft-portals. The ore body 
consists of a quartz vein ranging in width from a fow inchos to more than 
60 feet. The walls aro ereenstone and slate. These strata are metamorphic 
rocks and are methane-benring, Large volumes of methane have been found, 

An overhead method of stoping is utilized requiring square-set timbers, which 
are backfilled with waste. The filled stopes and large amount of timber make 
sealing or flooding necessary to prevent a fire from spreading if it reaches 
the stope workings, 


The Argonaut mine was one of the best-ventilated mines in California. 
Primary ventilation was achieved by placing an exhaust fan at the portal of 
the Muldoon shaft. Under natural ventilating conditions the main shaft was 
upcast, but it was considered practical and necessary to operate it downcast. 
The adjoining Kennedy mine shaft was both nO and naturally operated as 
@ downcast shaft. 


The mine fire occurred on the 4,350-foot level from an unknown cause 
on February 15; it was sealed on February 26 - 11 days after the fire was 
discovered, Natural rock temperatures in the lower mine workings are 92° F, 


The mine air under scal way sampled systematically at several pointe, 
By March 17, 1938, events indicated that a change of pressure at the Muldoon 
fan was affecting the samples; it was necessary to collect samples of the 
atmosphere nearer the fire zone and stop probable leaks at the Kennedy 3,300- 
foot-level cross cut and in the Argonaut shaft above the 1,250-foot fire doors. 


A tight door was placed outby the steel door separating the Kennedy 
4,800 level from the Argonaut at the refuge chamber, space being allowed 
between the doors for 10 men wearing 2-hour oxygen breathing apparatus. 
Rock temperatures and humidity are high at the Kennedy 4,800 level, and the 
4 800 drift and crosscut is blind for some distance between the raises con- 
necting the Kennody 4,800 level and lower levels, Owing to the high temper- 
ature (88° at 100- percent humidity), it was an arduous task to travel this 
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distance with or without apparatus, and it developed from experience that it 
would have been impossible to sample the gases in the Argonaut 5,700 level 
if provisions had not been made to provide fresh air (in aCeiGa) at the air 
lock. <A 6-inch Lamb Air-Foil injector blowing 2,000 cubic feet of air per 
minute was placed in the last raise connecting the Kennedy 4,800 and 4,950 
levels, and metal tubing was extended to a point outby the air lock, which 
was established as a fresh-air base for a reserve crew of six men wearing 
2-hour oxygen breathing apparatus, 


On March 29, two crews of six men each were selected from the personnel 
of the Argonaut and Kennedy mines. Previous tests established that no dan- 
gerous concentration of methane was present, and an apparatus crew of six 
men (under oxygen) entered the air lock, broke the seals to the Argonaut 
mins, and entered and explored the refuge chamber and the Argonaut section. 
Hum ai ty readings and samples of the mine air were taken, and the carbon 
monoxide supersensitive indicator operated for 20 minutes. Temperatures 
at the fresh-air base were 88° wet bulb and 91° dry bulb; in the Argonaut 
mine, 92° wot bulb and 92° dry bulb. ‘The pressure on the seal was negative, 
and a safety lamp placed in the air lock remained lighted. When the first 
crew returned, the second crew of six men entered the air-lock under oxygen 
and replaced the mine seals. 


The fire zone cooled rapidly during the week of April 1. The pressure 
at the Kennedy 4,800 seal was observed to be changing from negative to posi- 
tive for the first time. Black damp extinguished the flame of a safety lamp 
at the sampling pipe; this indicated that the high-density gases in and above 
the active fire zone were read justing themselves, and their density was in- 
creasing enough to move them to displace the lighter density gases in the | 
Argonaut mine below the active fire zone. This readjustment of the heavy 
atmosphere materially changed the pressure fram negative to positive on 
' the Kennedy mine seals, This was the first definite indication that the 
fire was extinguished. 


On April 8, as on March 29, crews wearing 2-hour oxygen breathing 
apparatus entered the Argonaut mine through the Kennedy-4,800, Argonaut- 
5,700 refuge chamber connection and made tests of the atmosphere, 


The pressure on the Kennedy seal now was constantly positive, and the 
flame of a safety lamp placed in the air lock was extinguished immediately 
by gases entering through the refuge chamber door, which was slightly ajar 
to allow passage of the life line. Temperatures at the Kennedy-side fresh- 
air base wore 88° wet bulb and 89° dry bulb and 91° wot bulb and 92° ary 
bulb in the Argonaut mine. Before the crew completed its tests and returned, 
the air fram the Argonaut flowed through unavoidable leaks and decreased the 
oxygen content of the mine air at the fresh-air base so much that the flame 
of a safety lamp was extinguished, and a carbide light failed to burn at a 
point waist-high, which showed the value of taking fresh air to this point 
by the Lemb Air-Foil injector and metal tubing. This noxious-air condition 
disappeared when the seals were closed, The carbon monoxide supersensitive 
indicator showed no carbon monoxide during the tests. Arrangements were made 
to reopen the mine on April 15, just 2 months after the fire was discovered, 
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The importance of deductions from analyses of mine-fire atmospheres 
and from the pressure exerted by them on seals in a mine-fire area is not 
always realized, Whether the pressure on a seal is positive or negative 
depends primarily on the difference between the specific gravities of the 
atmospheres on opposite sides of the seal. A cooled mine-fire atmosphere 
sometimes becomes heavy enough to overcome the normal Venere ae MOtve 
’ column. 


It cannot be expected that the composition of the en eee ee be 
uniform throughout a sealed area, and it is important to have several 
sampling points whore accurate samples can be collected (3). 


Because of the differences in magnitude of the specific gravity and 
percentege of the respective simple gases composing a mine-fire atmosphere, 
the air-free compositions of different portions of an atmosphere confined 
in a place with which the mine-fire atmosphere is mixing by convection and 
diffusion differ from each other and from the air-free mine-fire atmosphere. 
For this reason it is often desirable to Know the specific gravity of por- 
tions of the sealed atmosphere (3). 


A brief discussion of analyses of come samples collected in the sealed 
fire area in the Argonaut mine will serve as an example of the foregoing 
sub ject. | 


The weight of 1 liter of a given gas at 0° C, and 760 mm, pressure is 
found by the following formula: 


Weight of 1 liter of given gas = (molecular weight of given gas 1.42904). 


The specific gravity of a en gas, when the ) specific gravity of air 
is 1, is found by the ee formula: 


Specific gravity of given gas - e 
‘ Cc 


The arithmetical calculations concerning the specific gravities of the 
selected samples are not given; however, the specific gravities have been 
calculated, and the procedure employed to determine them is summarized in 
the following table, which eive8 the real values relating to one of the 
samples: 
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Summary of specific gravities of pertinent samples (as received) 
of mine-fire etmospheret Argonaut mine 


Analysis, ,» a8 received, 


Normal atmospheric air 
Muldoon fan, surface 
Muldoon fan, surface 
Refuge chamber , undergr. 
Refuge chamber, bebo 


| 3-60 
5.70 | 13.24 


From the. foregoing data, it is observed, fram samples taken at the 
Muldoon fan (4,350 feet above the active fire) and in the refuge chamber 
(1,350 feet below the active fire) on March 31 and March 29, respectively, 
that the mine air at the fan and in the refuge chamber was heavier than — 
normal air at 0° C. and 760 mm. pressure; however, because the air at the 
fan actually was rarer at existent temperatures because of heated condi- 
tions, the preesure on the refuge-chamber bulkhead was negative, By April 
8, the area had cooled considerably, and the carbon dioxide was settling to 
the lowest parts of the mine more rapidly than it was diffusing into the 
mine air; this is shown by the increased specific gravity of the mine air 
in the refuge chamber. It was 1.052 (the highest in the mine) and was 
evidenced by the pressure becoming positive on the refuge-chamber bulkhead, 
The fact that the air in all parts of the Argonaut mine was heavier than 
the normal air in the Kennedy mine caused it to flow toward the Kennedy mine 
and yielded conclusive evidence that the fire was out and that it was safe to 
unseal the mine, This conclusion was verified when the mine was uneeenae cn 
April 15, 1938, and the fire was found to de out. 
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